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than cans and, as such, inventory controls and storage
space requirements are simpli?ed and reduced.
From the consumer’s point of view, the pouches are
relatively easy to handle and store. The food products

PUFFING BIOLOGICAL MATERIAL
TECHNICAL FIELD
The present invention relates generally to the pro
cessing of biological materials and, more particularly, to
a method and apparatus for puffing biological materials

themselves are also easily utilized by simply rehydrating
in water and then serving. In addition to this added
convenience, many consumers ?nd that the dehydrated

products have a good ?avor resembling that of fresh

including dehydrated food products such as fruits and

produce.

vegetables so as to provide overall improved quality at

There are two primary approaches presently being

a reasonable cost.

followed to produce dehydrated food products. These
are by freeze drying and air drying.
In freeze drying, a frozen food product is placed in a

BACKGROUND OF THE INVENTION

It has always been the goal of the food products
industry to provide superior quality food products with

15 then heated. Because of the vacuum, the water in the

a long shelf life. This allows the wholesaler and the

product sublimates, that is, changes phase directly from

retailer to purchase large quantities of food products

a frozen or solid state to a gaseous state.

vacuum vessel, brought to a processing vacuum and

when prices are low and store them until purchased by
Freeze dried products are of excellent overall quality.
consumers. Thus, not only do the wholesalers and re
The products are not exposed to high temperatures
tailers bene?t but ultimately the consumers do as well 20 during processing which might degrade quality. The
by being able to purchase food products at relatively
internal cell structure of the products is also retained.
As such, freeze dried products have an appearance and
low prices.
?avor more closely conforming to their fresh food
With the relative abundance of food and the increas

counterparts. They also, advantageously, have a fast
food products is becoming more and more important to 25 rehydration rate and, therefore, may be more quickly
prepared by consumers. Food processors, therefore,
promote sales. This is particularly true of vegetables
find them to be superior quality ingredients for the
and fruit. Consumers want fruit and vegetable products
formulation of convenience consumer products.
that maintain the overall appearance, including color
A signi?cant drawback to freeze dried food products
and texture, as well as the ?avor of fresh fruits and,

ing competition in the marketplace, the quality of the

vegetables.

_

In order to meet this end, the food products industry
relied for years almost exclusively on canning pro
cesses. Canned fruits and vegetables have a very long
shelf life and largely maintain the desired appearance

30

is, however, the processing costs. More speci?cally,
freeze drying is an energy and capital intensive and
slow process. Further, food products formulated with
freeze-dried ingredients also become relatively expen
sive. For many foods, this additional cost drives the

price of products formulated with the freeze dried food
and fresh-like ?avor. Canned products do, however, 35 ingredients
to a level unacceptable to consumers. As
suffer from a number of disadvantages.
such, despite the improved appearance and added ?a
In particular, the canning process typically requires a
vor, freeze dried dehydrated products have not always
relatively large level of salt in order to maintain the
been successfully received in the marketplace.
?avor of the fruits and vegetables. Recent growing 40 In air drying, the food products may be dried at ambi
awareness of the physical complications, including
ent temperature, but more typically are placed in dryers
hardening of the arteries, caused by excessive levels of
such as ?uidized bed, continuous belt, or tray dryers in
salt in the body has led the consuming public to look
toward food products packaged with lower levels of
salt. As such, canned products are growing in disfavor.
Another problem with canned products relates to

their overall weight. More speci?cally, in order to
maintain as much of the original ?avor of the food
products as possible, the canned products are often

order to remove moisture with heated air. While the air

drying procedure is relatively inexpensive when com
pared to freeze drying, it does suffer from a number of

shortcomings. In particular, the resulting food products
and particularly fruits and vegetables exhibit relatively
low quality. For example, certain air dried products
such as apples undergo a change in appearance during

packaged in a large amount of water. Both the water 50 air drying, losing their color and to a certain extent,
and the cans themselves often weigh as much or more

their texture. In some situations the ?avor may also be

than the actual food product itself. Thus, the Water and
affected. These factors make air dried food products
the cans signi?cantly add to the cost of transporting
less appeasing to consumers who prefer an appearance
food products from one location to another. The weight
and taste as closely as possible corresponding to that of
also makes the cans relatively cumbersome to handle. 55 the fresh produce.
Many consumers dislike canned fruits and vegetables
Another problem with air dried products has to do
for this reason. As such, alternative methods for pro
with their rehydration rate. Air dried products take a

cessing and packaging fruits and vegetables are quickly

relatively long period of time to rehydrate, that is for

embraced by many consumers.
the dehydrated product to resaturate with water. Since
In response to this demand for an alternative to 60 it is often the desire of the food processor to provide a

canned fruits and vegetables, dehydrated products have

food product of the convenience variety which may be

made a relatively large inroad in the marketplace in
recent years. Dehydrated products are gaining in popu

quickly prepared and served, this characteristic can be a

sealed foil or plastic pouches. As such, the overall cost
of the packaging is reduced. In addition, it should be
recognized that plastic and foil packaging is less bulky

After the product is initially air dried to 15 to 35 percent

signi?cant drawback.
In order to address these problems with air dried
larity with producers because they are relatively simple
to package. Dehydrated products may be packaged in 65 products, a steam puf?ng process has been developed.
moisture wet basis, it is pressurized in a steam gun with

super heated steam. Next, the product is puffed by quick

3
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release from the steam gun. It is then subsequently air

cell structure of the material in a more consistent con

,dried to the desired moisture content.
This process does serve to increase the volume and

ther, subsequent rehydration rates of the puffed material

centration and in a relatively short period of time. Fur

internal porosity of the dehydrated product. As such,
rehydration rates are advantageously increased. A
problem arises, however, as the high temperature to
which the product is subjected during its time in the

are increased as water ‘also has less distance to penetrate

in order to reach the center of each sized piece.

The preparation of the biological material for puffing
also includes a step of reducing the moisture content of
the biological material to between substantially 15 to
60% moisture content wet basis. The optimum moisture
content depends to a large degree on the physical char
acteristics of the product. This can be done by drying
the sized biological material on a ?uidized bed, continu
ous belt, or tray dryer at, for example, 60° C. It is de
sired to maintain only sufficient moisture to provide a

steam gun can change product characteristics such as

texture, nutrients, color and ?avor. This, of course,
reduces the appeal of the resulting product to the con
suming public. Thus, a need is clearly identi?ed for a
new puffing process.

SUMMARY OF THE INVENTION
Accordingly, it is a primary object of the present
invention to provide an improved method of processing
food products overcoming the above-described limita
tions and disadvantages of the prior art.
Another object of the present invention is to provide

pliable biological material. If the material is too dry, its
rigidity is increased until expansion is significantly pre
vented.

An alternative method of obtaining the proper mois
ture content is to rehydrate a dried product by placing

an alternative to steam puffing of air dried, dehydrated

in a humid environment such as air at 50° C. and 100%

food products.

humidity for a sufficient period of time for the product
moisture content to equilibrate at a level within the
Still another object of the present invention is to
range of 15 to 60% wet basis.
provide a process for puffing biological materials such
Preferably, the method also includes the step of equil
as fruits and vegetables which are of superior quality
when compared to simple, air dried products and far 25 ibrating the moisture content throughout each individ
ual piece of biological material. This may be achieved in
less expensive than freeze dried products.
any number of ways such as by holding the biological
Yet another object of the present invention is to pro

vide a relatively simple procedure that allows relatively
quick and efficient processing of dehydrated food prod

material at the reduced moisture content level for a

period of substantially 5-60 minutes. If further equili
30 bration is desired, the biological material may be held in

ucts.

a refrigerated environment at 7° C. for, for example, 24
hours.

An additional object of the present invention is to

provide an apparatus and method for puffing biological
material that

Preferably, the puffing gas utilized in the method of

the use of puffing gas so as to

reduce overall processing cost and also

the present invention is carbon dioxide. Advanta

the

loss of ?avor and color in the material.

35

geously, carbon dioxide is relatively inert to the chemi

following or may be learned with the practice of the 40

cal compounds providing color, ?avor and fragance to
the foods being processed in accordance with the
method of the present invention. Carbon dioxide also
allows for the puffing of the biological material at pro
cessing temperatures that do not cause chemical degra

invention. The objects and advantages of the invention

dation of the resulting product.

may be realized and attained by means of the instrumen
talities and combinations particularly pointed out in the

ical material is maintained between a temperature of

Additional objects, advantages and other novel fea
tures of the invention will be set forth in part in the

description that follows and in part will become appar
ent to those skilled in the art upon examination of the

More particularly, during the puffmg step, the biolog

substantially —80' and 100° C. Still more preferably the
appended claims.
To achieve the foregoing and other objects, and in 45 biological material is maintained between a temperature
accordance with the purposes of the present invention

of substantially —20° and 25' C. Frozen products can be

puffed in accordance with the methods of the present
invention since the frozen water is quickly melted by
for puffing biological material such as fruits, vegetables
the heat of condensation of the carbon dioxide upon the
and other food products. Utilization of the present in
vention allows the processing of food products having a 50 ice crystals.
long shelf life while also maintaining both natural ?avor
Under the most preferred processing conditions, the
as described herein, an improved method is provided

and appearance.
The method of the present invention includes the step

of placing the biological material in a pressure chamber.
Next is the step of subjecting the biological material to
a puffing gas at an increased pressure between substan

tially 400 and 1200 psi. The method proceeds by rapidly
releasing the puffing gas pressure in order to puff the
material. Finally, the process is completed by drying the
biological material after puffing. This serves to set the

biological material in the puffed state.
It is important that the biological material is properly
prepared for pulling. This is done by sizing the biologi
cal material so as to include at least one dimension of

biological material is maintained between a temperature
of substantially 4° and 10° C. during puf?ng. In no
event, however, is the biological material ever allowed
to reach a temperature sufficiently high to result in
adverse chemical or enzymatic reactions that alter the

overall quality of the product.
In accordance with further aspects of the present
invention, the releasing of the puffing gas is to be com
pleted in substantially three seconds or less and more
preferably, in less than one second. By releasing the

pressure quickly, the expansion forces created by the
puffed gas within the biological material are maximized.
This, advantageously, leads to a higher puffed volume

between substantially 0.025 and 1.0 inches and prefera— 65 of biological material.
bly between substantially 0.062 and 0.375 inches. By
Following puffing, it is important to dry the material
sizing the material to include at least one dimension as

in order to set the material in the puffed or expanded

described, the puffing gas can penetrate throughout the

state.

5
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can be done in two ways. The ?rst is to utilize a variable

further reduce and minimize the utilization of carbon
dioxide and thus reduce the overall cost of processing.
Still other objects of the present invention will be
come readily apparent to those skilled in this art from

volume chamber for puf?ng. By reducing the volume of
the chamber during pressurization with the puffing gas,

the following description wherein there is shown and
described a preferred embodiment of this invention,

the volume of the gas utilized is reduced. As the mate

simply by way of illustration of one of the modes best
suited to carry out the invention. As it will be realized,

In order to reduce the cost of processing as much as

possible, it is desirable to control and limit the amount

of carbon dioxide gas utilized during processing. This

rial is subsequently puffed by releasing the puf?ng gas
pressure, the chamber is expanded, thereby increasing
the ‘volume so as to provide room for the biological

material to expand.
The second method of reducing the utilization. of

the invention is capable of other different embodiments
and its several details are capable of modi?cations in
various, obvious aspects all without departing from the

invention. Accordingly, the drawing and descriptions

carbon dioxide gas involves over pressuring the biologi

will be regarded as illustrative in nature and not as

cal material and carbon dioxide puf?ng gas with an

restrictive.

inert gas. Such an over pressuring gas must be com 15

pletely unreactive with the puf?ng gas and the chemical

compounds of the material being processed. By pump

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawing incorporated in and

forming a part of the speci?cation illustrates several
ing inert over pressuring gas into the pressure chamber,
aspects of the present invention and together with the
the effective pressure of the puf?ng gas is increased to a
desired level so as to fully penetrate deep into the bio 20 description serves to explain the principles of the inven
tion. In the drawing:
logical material. Preferably, the inert over pressuring
gas utilized is nitrogen or air. Nitrogen gas and air are

FIG. 1 is a schematic diagram of the steps of the

readily available and relatively inexpensive. Thus, over

method of the present invention for puf?ng biological

all processing costs are reduced.

material; and

In accordance with yet another aspect of the present 25

invention, an apparatus is provided for puf?ng biologi
cal material. The apparatus is equipped with a variable
volume pressure chamber. The variable volume pres
sure chamber includes a cylinder. A cooperating piston
is received in and engages the walls of the cylinder. In
addition, an end cap is provided for closing the cylin
der.
The apparatus also includes a means for driving the

piston within a cylinder. By controlling the position of
the piston within the cylinder, the volume of the cham
ber formed by the piston and cylinder may be varied.
After the biological material to be processed is placed in
the chamber, the volume of the chamber is reduced so
as to be relatively small. The end cap is then sealed and

_

FIG. 2 is a schematic representation showing the
apparatus of the present invention for utilization in

puf?ng biological material.
Reference will now be made in detail to the present

preferred embodiment of the invention, an example of
which is illustrated in the accompanying drawing.
DETAILED DESCRIPTION OF THE
INVENTION
Reference is now made to FIG. 1 showing a sche

matic diagram of the method of the present invention
for puffing biological material such as fruits, vegetables
or other food products. For purposes of this detailed

description, the method will be explained with refer
ence to green bell peppers. Of course, it should be ap

the relatively small volume chamber is charged with 40 preciated that the method is equally applicable to a
number of other products such as mushrooms, carrots,
puf?ng gas. Of course, since the volume of the chamber
celery, apples and meats.
is relatively small, the amount of puf?ng gas utilized is
The first step of the method of the present invention
also relatively small.
relates to the preparing of the material for puf?ng 10.
After the puf?ng gas reaches the desired pressure and
is maintained (or held) for the desired period of time so 45 This is done by sizing the bell peppers. The sizing may
be completed by cutting, slicing or dicing the peppers
as to penetrate deeply into the biological material and

reach chemical and physical equilibrium, the puf?ng

so that they include at least one dimension of between

gas is quickly released. As the puf?ng gas is released,

substantially 0.025 and 1.0 inches. More preferably, for

the piston is displaced so that the volume of the cham
ber is increased. The increase in volume allows suffr
cient space for expansion of the biological material. As
such, it should be appreciated that the apparatus of the
present invention allows the economical processing of
the biological material with a minimum of puffing gas.
The apparatus of the present invention also includes a

best results, the material is sized so as to include at least

treatment hopper for holding the biological material to
be puffed. As the biological material is held in the
hopper, it is flushed with puf?ng gas which serves to
remove air by diffusion from the pores of the material.
In addition, some of the ?ushing gas is absorbed and
adsorbed by the material. The absorbed and adsorbed

puffmg gas presaturates the product with C02 and re
duces the resident time required to reach equilibrium
after pressurizing in the chamber. The apparatus also

one dimension of between substantially 0.062 and 0.375
inches. By sizing the bell peppers in this manner, the
distance to the center of each individual piece of sized
bell pepper is sufficiently short to ensure saturation of

each piece throughout with puf?ng gas within a reason

able time period.
After sizing is the step of reducing the moisture con
tent of the bell peppers to between substantially 15 to

60% wet basis. More speci?cally, the sized bell peppers
may be placed on a fluidized bed and subjected to air

drying at, for example, 60° C. for a period of ten (10)
minutes. The amount of moisture required for puffing
depends to a large extent on the physical characteristics
of the product. It should also be appreciated that it is

desired to maintain at least sufficient moisture in the bell
includes a means for directing the puf?ng gas released 65 peppers to provide a pliable biological material. Over
drying is, however, to be avoided since this serves to
from the chamber during the puf?ng step into the treat

ment hopper for flushing the biological material held in
the hopper. This recycling advantageously serves to

increase the rigidity of the bell peppers to a point where

subsequent expansion upon puf?ng is prevented.

7
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8

tion), the gas pressure is quickly released 18. The release
of the gas pressure is completed within substantially

to a product moisture content within the range of 15 to

60% wet basis. This may be done by placing the prod

three seconds and more preferably in less than one sec

uct in a humid environment such as air at 50‘ C. and

ond. Best results for many products require the release

100% humidity for a period of time to allow the prod
uct moisture content to equilibrate substantially

0.09 seconds). Advantageously, by releasing the pres

of gas pressure in less than one tenth of a second (e.g.

throughout the product.

sure quickly, the expansion forces created by the puffed
gas adsorbed, absorbed and trapped within the pores of
the biological material are maximized. As the trapped

It is important to ensure that the moisture content is

homogeneous throughout each individual piece of ma
terial. In order to achieve this result, it may be neces

gas escapes from the bell pepper pieces, it serves to

sary to hold the bell peppers at the reduced moisture
content level for a period of at least ?ve to sixty minutes

expand the individual cell structures, thereby leading to
a higher puffed volume.

Following pulling, it is important to quickly dry the

In the event further equilibration is desired as may be
the case with a product such as apples, the material may
even be held in a refrigerated environment at 7' C. for,
for example, 24 hours. This will ensure a near homoge
neous moisture content of each piece.

bell peppers in order to set them in the puffed or ex

panded state 20. This can be achieved by air drying the
peppers to, for example, about 5% moisture content in
a air dryer. Finally, if desired, the puffed product may

After fully preparing the material for puf?ng, it is

be placed in a dessicator to remove residual moisture

placed in a container such as a treatment hopper. The

before storing.

peppers held in the hopper may be then subjected to 20

The dried and puffed bell peppers may then be sub
jected to additional processing. This could include mix

flushing with the puffing gas 12. Advantageously, this

?ushing serves to remove air trapped in the pores of the
ing the bell peppers with other dehydrated products
bell peppers. In addition, some of the flushing gas be
which are then packaged for marketing to consumers.
comes entrapped in the same pores while other puffing
The consumers can rehydrate the products by simply
gas is actually absorbed by the water and adsorbed onto 25 adding water. After rehydration and heating if desired,
non-water solids in the material.
the products are ready for consumption.
Following the ?ushing step is the step of placing the
An apparatus for carrying out the method of the
bell peppers in a pressure chamber 14. Next, the bell
present invention is‘shown in FIGS. 2 A-E. As shown
peppers are subjected to puf?ng gas at increased pres
in the ?gures, the apparatus 30 includes a variable vol
sure 16. The preferred gas for puffing is carbon dioxide. 30 ume pressure chamber 32 including a cylinder housing
Of course, it is desirable to minimize gas requirements as
34. A cooperating piston 36 is received in sliding en
much as possible. In order to achieve this end, it is
gagement with the cylinder or chamber C formed by
preferred that the volume of the pressure chamber be
the housing 34. As shown, the piston 36 includes dual
reduced prior to the subjecting of the bell peppers to the
sealing elements 37 about its periphery that serve to seal

puffing gas.

35

System enthalpy determines the amount of pressuriz

36 is connected through a linkage 38 to a displacing or

ing gas condensate present in the chamber. The en

drive means 40, such as a hydraulic cylinder. The cylin
der 40 serves to displace the piston 36 within the cham
ber C in a manner described in greater detail below.

thalpy of the product placed in the pressure chamber in

combination with the enthalpy of the pressurizing gas
and any enthalpy transferred through the walls of the
pressurized region will determine the system enthalpy.
The system enthalpy is controlled by product tempera

against the wall of the cylinder housing 34. The piston

40

As shown in FIG. 2A, the piston 36 is fully retracted
‘within the cylinder 34. Biological material M to be
puffed is then delivered (note action arrow A) from the

ture change, or a temperature control of the pressuriz

treatment hopper 42 through the open charging door 44

ing gas entering the pressurized region during pressur

into the chamber C.

ization.

45

After fully charging the chamber C with biological

In order to provide the highest quality product, the

material M, additional biological material is added to
green bell peppers should be maintained between a
the treatment hopper 42 so that it is again ?lled (note
temperature of substantially ~80‘ and 100' C. through
action arrow B in FIG. 2B). The charging door 44 on
out processing. It is still more desirable to maintain the
the cylinder is also closed. Preferably, the door 44 is
temperature between substantially ~20‘ and 25' C. In 50 formed so that when it is closed, the inner surface of the
order to achieve this end, the product may be in a deep
door meets flush with the inner surface of the cylinder
frozen state when processing begins. This does not
housing 44.
adversely affect processing since any frozen water still
The three way valve 54 is opened to vent the cham
remaining in the product after preparation is quickly
ber C to the atmosphere. The drive cylinder 40 is then
melted by the heat of condensation of the carbon diox 55 actuated to extend the piston 36 so as to thereby reduce
ide upon the ice crystals.
'
the volume of the pressure chamber C (note action
Under the most preferred processing conditions, the
arrow D). As the volume is reduced, air within the
green bell peppers are maintained between a tempera

chamber C is expelled through the valve 54.

ture of substantially 4' and 10° C. during puffing. This
temperature range provides the proper amount of sys
tem enthalpy and facilitates the storage of the product
prior to puffing since these temperatures reduce micro

After the volume of the chamber‘C is sufficiently
reduced, the valve 54 is closed and the valve 48 is then
opened to connect the chamber C with a source of

bial growth and enzymatic activity.
After maintaining the bell pepper pieces in contact

pressurized puffing gas 50. This causes the carbon diox
ide puffing gas to flow in the direction of action arrow
F into the chamber (see FIG. 2C). A temperature con

with the carbon dioxide gas at increased pressure for a 65 trol means 52, such as a heat exchanger, may be con

sufficient period of time, approximately ten minutes, to
achieve a fairly homogeneous concentration of the gas

throughout each piece (e.g. saturation and equilibra

nected to the pressure source 50 so as to control the

temperature of the carbon dioxide puffing gas being
delivered to the chamber C. This allows the enthalpy of
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tion of the principles of the invention and its practical
application to thereby enable one of ordinary skill in the

the system to be controlled for the most ef?cient and

effective puf?ng processing. The pressure of the puffing

art to 'utilize the invention in various embodiments and
with various modi?cations as are suited to the particular

gas within the chamber C is increased to between sub

stantially 400-1,200 psi. This pressure is maintained for
a period of time, such as 30 seconds to ?fteen minutes,
to allow the absorption, adsorption, and pore saturation
of the puff'mg gas at a relatively consistent level

use contemplated. All such modi?cations and variations
are within the scope of the invention as determined by

the appended claims when interpreted in accordance
with the breadth to which they are fairly, legally and

throughout the biological material M.
System enthalpy determines the amount of pressuriz

equitably entitled.

ing gas condensate present in the chamber. The en 10 We claim:
thalpy of the product placed in the pressure chamber in
1. A method of puf?ng cellular biological material in
combination with the enthalpy of the pressurizing gas
a pressure chamber, comprising the steps of:
and any enthalpy transferred through the walls of the
bringing the moisture content of the cellular biologi
pressurized region will determine the system enthalpy.
cal material to between substantially 15 to 60% wet

The system enthalpy is controlled by product tempera

basis;

ture change, or a temperature control of the pressuriz
ization.

least one dimension of between substantially 0.025
and 1.0 inches in a pressure chamber;

'

After pressurization and equilibration, the valve 48
leading to the source of pressurized puffing gas is closed

reducing the volume of the pressure chamber;
subjecting the cellular biological material to a puf?ng

and valve 54 is again opened (see FIG. 2D). When
valve 54 is opened, the puf?ng gas is quickly released

gas at an increased pressure between substantially
400 and 1200 psi and at a temperature below a level

from the pressure chamber C. The gas is directed along

suf?ciently high to result in adverse chemical or

a flow line 56 as shown by action arrow G toward the

treatment hopper 42. There the carbon dioxide puf?ng 25
gas may be delivered through a manifold or some other

enzymatic reactions that alter overall product qual

ity;
quickly releasing the puffing gas pressure to puff the
cellular biological material;

appropriate means (not shown) into the treatment
hopper 42 where it or a fraction of it is utilized to ?ush

the biological material M awaiting puf?ng.
Substantially simultaneously with the release of pres

'

placing the cellular biological material including at

ing gas entering the pressurized region during pressur

increasing the volume of said pressure chamber while
30

sure, the drive cylinder 40 is activated to quickly retract

the piston 36 (see action arrow H) and thereby increase
the volume of the chamber C. The increased volume of
the chamber serves to provide the necessary space for

the biological material M within the chamber to expand 35
as the quick release of carbon dioxide gas pressure

causes puf?ng. Altogether, the release of the high pres
sure gas and the retracting of the piston 36 takes place
within three and preferably less than one second. This

quick operation is particularly important in subjecting

substantially simultaneously releasing said puf?ng
gas; and

drying the cellular biological material after puf?ng to
set the cellular biological material in the puffed
state.

2. The method set forth in claim 1 including the step
of:

sizing the cellular biological material.
3. The method set forth in claim 2, wherein said sizing
step include step of cutting said cellular biological mate

the biological material M to the maximum expansion

rial to at least one dimension ‘of between substantially
0.062 and 0.375 inches.

forces from puf?ng.
After puf?ng is completed, the end cap 46 is opened

additional preparing step of holding the cellular biologi

4. The method set forth in claifn 2, including the

and the drive cylinder 40 activated to fully extend the
cal material at a reduced moisture content level for a
piston 36. As shown in FIG. 2E, this causes the puffed 45 period of from substantially ?ve to ?fteen minutes to
biological material M to be expelled from the chamber
allow for partial equilibration of the material.
C. As shown, the biological material may be delivered,
5. The method set forth in claim 1, including the
for example,.down a chute 58 into a container 60 on an
additional step of controlling the temperature of the
underlying conveyor 62. The puffed biological material
cellular biological material is that it remains between
may then be delivered by the conveyor for further 50 substantially —80° and 100° C. during puf?ng.
processing, such as drying, at another work station.
6. The method set forth in claim 1, including the
In summary, numerous bene?ts result from employ

additional step of adjusting the product temperature of

ing the concepts of the present invention. The present
the cellular biological material to be puffed between
invention allows various food products to be puffed so
substantially
—20° and 25° C. before puf?ng.
as to improve rehydration rates without resorting to 55
7. The method set forth in claim 1, including the
steam treatments and the associated high temperatures
additional step of controlling the temperature of the
that tend to degrade the quality of the ?nal product.
cellular biological material so that it remains between
Advantageously, both the apparatus and method de
substantially 4° and 10° C. during puf?ng.
scribed allow relatively quick and efficient processing
of the food products while maintaining relatively high 60 8. The method set forth in claim 1, including the step
of maintaining said cellular biological material in
quality.
The foregoing description of a preferred embodiment '
of the invention has been presented for purposes of
illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form 65
disclosed. Obvious modi?cations or variations are possi

contact with the puf?ng gas for a period of time at
increased pressure to substantially achieve saturation
and equilibration as well as uniform physical saturation

of any liquid condensate present.
9. The method set forth in claim 1, wherein said puff

ble in light of the above teachings. The embodiment

ing gas releasing step is completed in substantially 3

was chosen and described to provide the best illustra

seconds or less.
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10. The method set forth in claim 1, wherein said

12

rial with puffing gas prior to puf?ng so as to remove air

puffing gas releasing step is completed in less than 1
from pores in said cellular biological material and also
second.
saturate water and non-water solids with puffing gas.
11. Th emethod set forth in claim 1, wherein said gas
13. The method set forth in claim 1, wherein said
is carbon dioxide and further including the step of con- 5 puf?ng gas releasing step is completed in less than one
trolling system enthalpy so that carbon dioxide gas is
tenth of a second.
absorbed, adsorbed and condensed on said cellular bio
14. The method set forth in claim 1, wherein said inert
logical material.
puffing gas is selected from a group consisting of air,
12. The method set forth in claim 1, including the
nitrogen, carbon dioxide and any mixtures thereof.
additional step of ?ushing said cellular biological mate- 10
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